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(54) SELECTIVE MODIFICATION OF VISUAL OUTPUT DISPLAYED ON A COMPUTER SCREEN BY 
CANCELLING AN INITIAL MODIFICATION EFFECT

(57) A method of selectively modifying output of a
computer screen. An application hosts an electronic doc-
ument having a background, alphanumerical characters,
and one or more images. A modification tool performs a
first modification step in which the modification tool mod-
ifies color and/or brightness of all content displayed on
the computer screen. The invention identifies and ana-
lyzes images within that content to determine whether

each image is a real-world image, such as a photograph.
A second modification step, which is opposite to the first
modification step, is applied to each real-world image,
thereby reversing initial modification and returning the
image to original, unmodified form. The computer screen
outputs the modified electronic document having a mod-
ified background and modified text, but outputs the re-
al-world image in its original, unmodified form.
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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] This invention relates to modification of visual
output displayed on a computer screen. More specifical-
ly, it relates to a method of displaying modified content
on a computer screen whereas real-world images are
displayed in their original, unmodified form.

BACKGROUND OF THE INVENTION

[0002] Computer applications and electronic docu-
ments often include dark text on a light background and
images having various color characteristics. For some
visually-impaired user, it may be difficult to discern con-
ventional text and illustrations. For this reason, there is
a number of software products that provide color inver-
sion. These products are designed to modify the colors
of the output of the computer screen, which helps the
visually-impaired users to have improved clarity and to
reduce eye strain.
[0003] One of the major disadvantages of the current
software products having color/brightness modification
capabilities is that the modification affects the entire area
of the screen, including real-world images. Such indis-
criminate application of color modification results in a se-
rious shortcoming: when the colors of a photograph are
inverted, people, animals, and real-world objects depict-
ed in the photograph may become difficult to recognize.
This flaw of the existing color inversion products is a
source of frustration for many visually-impaired users
and, thus, substantially undermines the benefits offered
by these products.
[0004] Accordingly, what is needed is a screen mag-
nification software that selectively applies color/modifi-
cation to background, alphanumerical content, and ab-
stract images, while displaying the real world images in
their original, non-altered form.

SUMMARY OF THE INVENTION

[0005] The invention is a computer-executable method
of selectively modifying colors or brightness of a compu-
ter screen output. The invention involves a step of dis-
playing a graphic user interface (GUI) desktop and an
application window displaying an electronic document.
The electronic document includes a background, an al-
phanumerical content, and an image. The invention mod-
ifies colors and/or brightness of the GUI desktop and the
electronic document thereby creating a modified graphic
user interface desktop and a modified electronic docu-
ment having a modified background, a modified alpha-
numerical content, and a modified image. The invention
analyzes the electronic document to identify any images
contained therein. Then, the invention analyzes the im-

ages to determine whether each image is a photograph.
If the image is a photograph, the invention applies a sec-
ond modification step to the modified image. The second
modification step is opposite to the first modification step
and, therefore, reverses the first modification step creat-
ing a final image. The final image is visually equivalent
to the image in its original, unmodified form prior to the
first modification step. The invention displays the modi-
fied GUI desktop and the modified electronic document
having the modified background and the modified alpha-
numerical content. However, the final image is displayed
instead of the modified image. This allows the user to
see all content in modified colors that the user prefers,
while seeing the photographs in their original colors.
[0006] In an embodiment, the first modification step is
performed by a module external to the application hosting
the electronic document. The external module obtains a
copy of the modified image and applies the second mod-
ification step to the copy of the modified image to produce
the final image. The final image replaces the modified
image. Consequently, the modified electronic document
is displayed on the computer screen with the final image
instead of the modified image.
[0007] In another embodiment, the second modifica-
tion step is applied to the modified image directly by the
application hosting the electronic document. The appli-
cation performs this modification as directed by the doc-
ument processing module of the modification tool. The
document processing module runs in the context of the
application. In this embodiment, the application hosting
the document creates a final image that is visually equiv-
alent to the original, unmodified image.
[0008] The first and second modification steps can be
an inversion of color or an inversion of brightness. The
inversion of color includes a step of assigning to red,
green, and blue color channels of each pixel correspond-
ing opposite values. The inversion of brightness includes
a step of assigning an opposite value of to each pixel’s
brightness index. The key is that the second modification
step produces the exact opposite effect of the first mod-
ification step.
[0009] The determination of whether the image is a
photograph may be based on an image size, an aspect
ratio of the image, a file name of the image, an origin of
the image, a number of different colors within the image,
a pattern analysis of the image, or a combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] For a fuller understanding of the invention, ref-
erence should be made to the following detailed descrip-
tion, taken in connection with the accompanying draw-
ings, in which:

FIG. 1A is a conceptual view depicting a computer
screen displaying an unmodified output;

FIG. IB is a conceptual view depicting the computer
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screen displaying a modified output;

FIG. 1C is a conceptual view depicting the computer
screen displaying a selectively modified output,
wherein the real-world image is displayed in its un-
modified form;

FIG. 2 is a schematic view depicting the components
of the invention and their interaction with one anoth-
er;

FIG. 3 is a flowchart depicting the steps of the method
of selectively displaying modified content while dis-
playing real-world images in their original, unmodi-
fied form.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0011] The invention pertains to selective modification
of color or brightness of the content displayed on a com-
puter screen. FIG. 1A depicts a computer screen 10.
Computer screen 10 displays a graphic user interface
(GUI) desktop 12. Computer screen 10 also displays an
application window 14 displaying electronic document
16. Electronic document 16 includes a background 18,
text 20, and an image 22.
[0012] The conventional color scheme and brightness
of the content displayed on computer screen 10 may be
uncomfortable for visually-impaired users. Most electron-
ic documents 16 have dark text 20 on a bright, light back-
ground 18. Some visually-impaired users find such
scheme to inflict discomfort and strain on their eyes.
These users often prefer the inverted color scheme: light
colored text 20 displayed on a dark background 18.
[0013] Standard screen inversion is known in the art
and is illustrated in FIG. IB. In FIG. 1B, a screen modifi-
cation tool is used to invert the output of computer screen
10. FIG. 1B depicts that GUI desktop 12 and background
18, text 20, and image 22 of electronic document 16 are
all displayed using the inverted colors of the original out-
put. FIG. 1A depicts a modified GUI desktop 24 and a
modified electronic document 26 having a modified back-
ground 28, modified text 30, and a modified image 32.
Although such inversion may help the visually-impaired
users to better discern text and icons, the inversion of
real-world image 22 may alter the appearance of people,
animals, and objects depicted therein to an extent where
they become difficult to recognize. The present invention
addresses this major flaw of the prior art by outputting
modified GUI desktop 24 and modified electronic docu-
ment 26 with an unmodified image 22 as depicted in FIG.
1B
[0014] FIG. 2 schematically depicts the components
of the invention and illustrates their interaction with one
another. The invention includes computer application 34
hosting electronic document 16. A document processing
module 36 runs in the context of application 34. An image

processing module 38 is external to application 34 and
is in communication with document processing module
36. A modification tool 40 is used to apply color and/or
brightness modifications to the entire output of computer
screen 10.
[0015] Modification tool 40 is deployed on the comput-
ing device coupled to computer screen 10. Modification
tool 40 performs a first modification step to indiscrimi-
nately modify color and/or brightness of all visible content
output on computer screen 10. If visible content includes
image 22, the first modification step creates color-mod-
ified image 32. Modification tool 40 analyzes the visible
output to determine whether the output includes image
22. After image 22 is identified, the modification tool per-
forms analysis to determine whether image 22 depicts
text, an abstract picture, or a real-world image. In one
embodiment of the invention, when modification tool 40
determines that image 22 is a real-world image-i.e., im-
age 22 is a photograph or another type of a rendering
depicting people or real-world objects-the modification
tool 40 applies a second modification step to modified
image 32. The second modification step is opposite of
the first modification step, thereby reversing the first mod-
ification step. The final image produced by this second
modification step has the same colors and brightness as
original image 22. FIG. IB depicts the selectively modified
output produced by the modification tool: computer
screen 10 is displaying modified GUI desktop 24, modi-
fied background 28, modified text 30, and an unmodified
image 22.
[0016] The invention works only for those modifica-
tions which are reversible-i.e. they are applied to original
image 22 with no information loss and hence can be re-
verted with an opposite operation. Two examples of such
color enhancements are the following: (1) the color of
image 22 is inverted (by assigning opposite values to
red, green and blue color channels of each pixel of image
22); and (2) the brightness of image 22 is inverted (by
calculating the brightness index of each pixel and assign-
ing to it the opposite value while retaining the pixel color).
Because the inversion operation is applied to color chan-
nels, calculated brightness index can be presented as X
= 256 - Y, it is possible to restore the original Y value by
knowing X.
[0017] When one of these two modes is applied, mod-
ification tool 40 analyzes the content of electronic docu-
ment 16 displayed in application window 14. For each
identified image 22, the modification tool applies certain
heuristics to decide whether the image represents text,
an abstract picture, or an image of the real world (most
often a photograph). The analysis takes into account the
image size, aspect ratio, file name, origin, number of dif-
ferent colors, or a combination of these properties.
[0018] For those images 22 recognized as depicting
real objects, a second color modification operation that
is opposite to the first color modification operation is ap-
plied. There are at least two embodiments of the invention
that can be used to accomplish this task. In the first em-

3 4 



EP 3 355 274 A1

4

5

10

15

20

25

30

35

40

45

50

55

bodiment, modification tool 40 interacts with application
34 hosting electronic document 16. Modification tool 40
instructs application 34 to perform the second modifica-
tion operation on modified image 32. In the second em-
bodiment, instead of performing the second modification
step directly within application 34, an external image
processing module 38 creates a copy 42 of modified im-
age 32 and applies the second color modification to copy
42. When modified electronic document 26 is output onto
computer display 10, modified image 32 is replaced with
final copy 44, which is visually equivalent to original, un-
modified image 22.
[0019] Modification tool 40 can use either one of these
two methods depending on a runtime decision based on
factors such as the image nature, its origin, current color
modification mode, or when recovering from a failure
while executing one method or the other.
[0020] As the result of such manipulations, images 22
of the real world object will go through color modification
process twice, with one of the phases being performed
by the modification tool 40 and the other phase performed
by document processing module 36 internal to applica-
tion 34 or by external image processing module 38. The
two color modifications will cancel each other so the net
effect produces final image 44 not affected by the color
modification at all, whereas the rest of electronic docu-
ment 16-text, document background etc.-will still have
the desired colored modification.
[0021] FIG. 3 is a flowchart illustrating the steps of the
selective visual output modification according to the
present invention. In step 50 application 34 sends instruc-
tions to output electronic document 16 onto computer
screen 10. In step 52, modification tool 40 intercepts
those instructions and applies color/brightness modifica-
tion to electronic document 16 and also to GUI back-
ground 14. In step 54, the invention analyzes whether
modification applied in step 52 is reversible. If the mod-
ification is not reversible, the process ends. If the modi-
fication applied in step 52 is reversible, the invention iden-
tifies and enumerates images 22 within electronic docu-
ment 16 in step 56. The invention then proceeds to a loop
which begins at step 58 and is repeated for each image
22 enumerated in step 56.
[0022] In step 60, the invention determines whether
image 22 is a real world image (such as a photograph).
If image 22 depicts texts or an abstract drawing, the in-
vention moves on to the next enumerated image in step
62. If, however, image 22 is a real world image, the in-
vention proceeds to step 64, in which the invention
checks whether the image is an original image 22 or mod-
ified image 32. If the image is modified image 32, the
invention proceeds to step 66, in which it determines
whether the second modification step can be executed
within application 34. If so, in step 68, document process-
ing module 36 applies the second modification step to
modified image 32 directly within the application 34 host-
ing electronic document 16. Otherwise, in step 70, a re-
quest is sent to external image processing module 38 to

apply the second modification step to modified image 32.
[0023] In step 72, external image processing module
38 obtains copy 42 of modified image 32. In step 74,
external image processing module 38 applies the second
modification step to copy 42 to create final copy 44, which
is visually equivalent to original, unmodified image 22. In
step 76, modified image 32 in modified electronic docu-
ment 26 is replaced with final copy 44.
[0024] These steps are asynchronous, whereby imag-
es are sent to the queue and the results are provided as
they are ready. The steps explained above result in an
output on the computer screen 10 that includes modified
GUI desktop 24, modified document background 28,
modified text 30, and a final image 44 that is visually
equivalent to original, unmodified image 22.

Hardware and Software Infrastructure Examples

[0025] The present invention may be embodied on var-
ious computing platforms that perform actions respon-
sive to software-based instructions and most particularly
for low-vision user software. These include both tradi-
tional desktop and notebooks devices and also smart-
phones and tablets. The following provides an anteced-
ent basis for the information technology that may be uti-
lized to enable the invention.
[0026] The computer readable medium described in
the claims below may be a computer readable signal me-
dium or a computer readable storage medium. A com-
puter readable storage medium may be, for example, but
not limited to, an electronic, magnetic, optical, electro-
magnetic, infrared, or semiconductor system, apparatus,
or device, or any suitable combination of the foregoing.
More specific examples (a non-exhaustive list) of the
computer readable storage medium would include the
following: an electrical connection having one or more
wires, a portable computer diskette, a hard disk, a ran-
dom access memory (RAM), a read-only memory (ROM),
an erasable programmable read-only memory (EPROM
or Flash memory), an optical fiber, a portable compact
disc read-only memory (CD-ROM), an optical storage
device, a magnetic storage device, or any suitable com-
bination of the foregoing. In the context of this document,
a computer readable storage medium may be any non-
transitory, tangible medium that can contain, or store a
program for use by or in connection with an instruction
execution system, apparatus, or device.
[0027] A computer readable signal medium may in-
clude a propagated data signal with computer readable
program code embodied therein, for example, in base-
band or as part of a carrier wave. Such a propagated
signal may take any of a variety of forms, including, but
not limited to, electro-magnetic, optical, or any suitable
combination thereof. A computer readable signal medi-
um may be any computer readable medium that is not a
computer readable storage medium and that can com-
municate, propagate, or transport a program for use by
or in connection with an instruction execution system,
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apparatus, or device. However, as indicated above, due
to certain statutory subject matter restrictions, claims to
this invention as a software product are those embodied
in a non-transitory software medium such as a computer
hard drive, flash-RAM, optical disk or the like.
[0028] Program code embodied on a computer read-
able medium may be transmitted using any appropriate
medium, including but not limited to wireless, wire-line,
optical fiber cable, radio frequency, etc., or any suitable
combination of the foregoing. Computer program code
for carrying out operations for aspects of the present in-
vention may be written in any combination of one or more
programming languages, including an object oriented
programming language such as Java, C#, C++, Visual
Basic, Objective C, Python or the like and conventional
procedural programming languages, such as the "C" pro-
gramming language or similar programming languages.
[0029] Aspects of the present invention are described
below with reference to flowchart illustrations and/or
block diagrams of methods, apparatus (systems) and
computer program products according to embodiments
of the invention. It will be understood that each block of
the flowchart illustrations and/or block diagrams, and
combinations of blocks in the flowchart illustrations
and/or block diagrams, can be implemented by computer
program instructions. These computer program instruc-
tions may be provided to a processor of a general pur-
pose computer, special purpose computer, or other pro-
grammable data processing apparatus to produce a ma-
chine, such that the instructions, which execute via the
processor of the computer or other programmable data
processing apparatus, create means for implementing
the functions/acts specified in the flowchart and/or block
diagram block or blocks.
[0030] These computer program instructions may also
be stored in a computer readable medium that can direct
a computer, other programmable data processing appa-
ratus, or other devices to function in a particular manner,
such that the instructions stored in the computer readable
medium produce an article of manufacture including in-
structions which implement the function/act specified in
the flowchart and/or block diagram block or blocks.
[0031] The computer program instructions may also
be loaded onto a computer, other programmable data
processing apparatus, or other devices to cause a series
of operational steps to be performed on the computer,
other programmable apparatus or other devices to pro-
duce a computer implemented process such that the in-
structions which execute on the computer or other pro-
grammable apparatus provide processes for implement-
ing the functions/acts specified in the flowchart and/or
block diagram block or blocks.
[0032] It should be noted that when referenced, an
"end-user" is an operator of the software as opposed to
a developer or author who modifies the underlying source
code of the software. For security purposes, authentica-
tion means identifying the particular user while authori-
zation defines what procedures and functions that user

is permitted to execute.

GLOSSARY OF THE CLAIM TERMS

[0033] Background (of an electronic document)-one or
more colors filling the space that is not occupied by al-
phanumerical characters or images.
[0034] Computing device-an electronic device for stor-
ing and processing data according to instructions issued
by an application or an operating system.
[0035] Computer screen-an electronic visual display
that is capable of presenting electronic information in a
visual form.
[0036] Electronic document-information stored in a
digital form that can be accessed by an application and
output onto a computer screen. Examples of electronic
documents include webpages, PDF files, word process-
ing files, electronic spreadsheet, presentation slides, etc.
[0037] Final image-the image after it has undergone
two modification steps. The second modification step re-
verses the first modification step and, therefore, the final
image is visually equivalent to the original, unmodified
image.
[0038] Graphic user interface (GUI) desktop-a primary
display area of a computer screen that allows users to
interact with the computing device through icons and vis-
ual indicators.
[0039] Image-a set of data that, when processed by a
computing device, produces a visual output on a com-
puter screen.
[0040] Modified background-the background whose
color and/or brightness have been altered from its origi-
nal, unmodified form.
[0041] Modified electronic document-the electronic
document having at least some content whose color
and/or brightness have been altered from its original, un-
modified form.
[0042] Modified GUI desktop-the GUI desktop whose
color and/or brightness have been altered from its origi-
nal, unmodified form.
[0043] Modified image-the image whose color and/or
brightness have been altered from its original, unmodified
form.
[0044] Photograph-a subcategory of an image that de-
picts a real-world object and was created using a camera.
[0045] The advantages set forth above, and those
made apparent from the foregoing description, are effi-
ciently attained. Since certain changes may be made in
the above construction without departing from the scope
of the invention, it is intended that all matters contained
in the foregoing description or shown in the accompany-
ing drawings shall be interpreted as illustrative and not
in a limiting sense.

Claims

1. A method of selectively modifying colors or bright-

7 8 



EP 3 355 274 A1

6

5

10

15

20

25

30

35

40

45

50

55

ness of a computer screen output, the method com-
prising:

providing a computing device coupled to a com-
puter screen, the computer screen displaying a
graphic user interface desktop and an applica-
tion window displaying an electronic document,
the electronic document comprising a back-
ground, an alphanumerical content, and an im-
age;
modifying colors or brightness of the graphic us-
er interface desktop and the electronic docu-
ment thereby creating a modified graphic user
interface desktop and a modified electronic doc-
ument having a modified background, a modi-
fied alphanumerical content, and a modified im-
age;
analyzing the electronic document to identify the
image;
analyzing the image to determine whether the
image is a photograph;
responsive to identifying the image as a photo-
graph, applying a second modification step to
the modified image, wherein the second modi-
fication step is opposite to the first modification
step, the second modification step reversing the
first modification step thereby creating a final im-
age, wherein the final image is visually equiva-
lent to the image in its original form prior to the
first modification step;
displaying the modified graphic user interface
desktop and the modified electronic document
having the modified background and the modi-
fied alphanumerical content; and
displaying the final image instead of the modified
image.

2. The method of claim 1, wherein the first modification
step is performed by a module external to the appli-
cation hosting the electronic document.

3. The method of claim 1, further comprising:

obtaining a copy of the modified image;
applying the second modification step to the
copy of the modified image to produce the final
image;
replacing the modified image in the modified
electronic document with the final image, where-
by the modified electronic document is dis-
played on the computer screen with the final im-
age instead of the modified image.

4. The method of claim 3, wherein the steps of obtaining
the copy of the modified image and applying the sec-
ond modification step thereto are executed by a mod-
ule external to the application hosting the electronic
document.

5. The method of claim 1, wherein the second modifi-
cation step is applied to the modified image by the
application hosting the electronic document.

6. The method of claim 1, wherein the first and second
modification steps are selected from the group con-
sisting of an inversion of color and an inversion of
brightness.

7. The method of claim 6, wherein the inversion of color
comprises a step of assigning to red, green, and blue
color channels of each pixel corresponding opposite
values.

8. The method of claim 6, wherein the inversion of
brightness comprises a step of assigning an opposite
value of to each pixel’s brightness index.

9. The method of claim 1, wherein determination of
whether the image is a photograph is based on an
image size, an aspect ratio of the image, a file name
of the image, an origin of the image, a number of
different colors within the image, a pattern analysis
of the image, or a combination thereof.
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